We ask how barriers to international trade affect TFP when there are monopoly rights in the import-competing industries. Holmes and Schmitz (1995) show that without barriers to trade TFP in these industries is as large as possible. We study the general case of finite barriers to trade. We find that binding quotas lead to the use of inefficient technology in the import-competing industries. In addition, finite quotas or tariffs imply that the import-competing industries produce larger than efficient quantities, if they produce at all. For both of these reasons, barriers to international trade reduce TFP.
There are big cross-country differences in total factor productivity (TFP henceforth). For example, Hall and Jones (1999) estimate that in 1998 TFP in the U.S. was 10 times larger than in China. Why do rich countries have so much larger TFPs than poor countries? Parente and Prescott (1999) argue that monopoly rights over the use of inefficient technologies reduce TFP and that insider groups in poor countries have stronger monopoly rights than in rich countries. Parente and Prescott (2000) and Schmitz (2005) provide evidence for this view.
In this paper, we ask whether barriers to international trade can reduce TFP when there are insider groups and monopoly rights in the tradable-goods industries. The existing view due to Holmes and Schmitz (1995) is that free international trade implies the largest possible aggregate TFP, but they only considered the extreme cases 'free trade' and 'no trade'. Here, we also consider the intermediate cases of positive but finite quotas and tariffs.
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We develop a theoretical model of a small open economy with insider groups and monopoly rights in the import-competing industries. We find that under a binding quota, these sectors use inefficient technology and they produce larger than efficient quantities.
As a result, TFP decreases. We also find that a tariff reduces TFP by less than a quota: if the import-competing industries produce at all, then they still produce larger than efficient quantities, but they now use the efficient technology.
Our findings are consistent with the empirical evidence that openness fosters the catch up of per-capita GDP and TFP; see, for example, Sachs and Warner (1995) , Wacziarg and Welch (2003) , and Alcalá and Ciccone (2004) . The measures of openness typically used in the literature have many dimensions. One key dimension is the barriers to international trade we consider here. Our findings are also consistent with the empirical evidence that quotas are particularly bad for TFP; see, for example, Baily (1993) , Baily and Gersbach (1995) , Muendler (2002) , and Kim (2000) .
We organize the paper as follows. In Sections 2, we lay out the economic environment and define the equilibrium. In Section 3, we characterize the equilibrium. In Section 4, we conclude. All proofs are in the Appendix.
Model
We start with the description of the environment. Consider a small-open economy with one period.
2 There are an "agricultural" good a and many differentiated "manufactured"
There is a measure one of individuals, each of which is endowed with one unit of productive time and possibly with the membership in an insider group. In particular, for each i ∈ [0, 1] there is an interval of length λ 0 ∈ (0, 1) of identical insiders of type i. Individuals that are not insiders are identical outsiders, so there is a rectangle of measure 1 − λ 0 of outsiders. The subscript ι ∈ {i, o} indicates an individual's type.
All types have identical preferences represented by a
. We assume that the demand for the differentiated goods is inelastic, that is, σ ∈ (0, 1).
The technology in the agricultural sector is described by A ≤ N a , where A is the production and N a is the labor allocated to the agricultural sector. In each manufacturing industry i, there are three technologies described by M ik ≤ π k N ik , where M ik and N ik are the production and the labor with technology k ∈ {0, 1, 2} and 1 = π 0 < π 1 < π 2 . Any individual can use the π 0 technology. In contrast, only the insiders of each manufacturing sector can use the π 1 technology ("monopoly rights"). Any group of individuals can use the π 2 technology if it pays a fixed cost c. Which technology is used in each manufacturing industry is decided in a three-stage game.
In the first stage, the insiders choose whether to leave their insider group. Leaving is voluntary and insiders who leave can work anywhere else. If all insiders of a manufacturing industry leave, then the insider group dissolves and every individual can use the π 2 technology there without paying c. Afterwards, production and consumption take place and the game ends. If some insiders stay, then they are committed to working in this industry and the game continues. The insider group then decide whether to accept new members. We assume that if there are several group sizes λ i ∈ [0, 1] with the same insider utility, then the group picks the largest one.
In the second stage, a group of outsiders can enter the i-th manufacturing industry. If it does enter, then only its members can use the π 2 technology the outsider group chooses the price of the industry output while the insider group chooses how efficiently it wants to operate the π 1 technology, π i ∈ [0, π 1 ]. The demand for the outsider group's product equals the total demand minus the insider group's product, π i λ i , minus the imports, M * i .
The outsider group has as many members as it takes to produce this demand with the π 2 technology. Afterwards, production and consumption take place and the game ends.
If no outsider group enters the game continues.
In the third stage the i-th insider group again chooses π i ∈ [0, π 1 ].
3 The outsiders decide whether or not to produce the manufacturing good with the π 0 technology. Afterwards, production and consumption take place and the game ends.
We now turn to the equilibrium definition. There are markets for all final goods and types of labor. The final goods are tradable in the world market and the economy is small and open in that it takes the relative final goods prices in the world market as given.
Labor is mobile within the country, but it is not traded in the world market. We use the agricultural good in the world market as the numeraire and denote the remaining relative prices by p a , p * mi , p mi , w o , and w i . The superscript * indicates relative prices from the world market. We will only consider equilibria with free trade of the agricultural good, so p a = 1 in equilibrium.
Given the strategic choices in the different stages, profit maximization implies that the wages equal the marginal products, so w o = 1. Each individual takes prices and wages as given and maximizes its utility function subject to its budget constraint, implying the individual demand functions
We now turn to the three stages. If the outsiders enter in stages 3, they earn their marginal product p mi π 0 = p mi . They enter if and only if this is at least as large as the outsider wage w o = 1. Since some outsiders must work in agriculture, p mi ≤ 1 in equilibrium. The members of the i-th insider group also earn their marginal products,
The group chooses π i ∈ [0, π 1 ] so as to maximize the utility of its representative member subject to its given group size, to w i = p mi π i , and to the total demand for this manufactured good. Since all prices but that of its own product are given to the group, this is equivalent to:
In the first case, the group's production λ i π would exceed demand if p mi = 1, so p mi < 1 and only the insiders produce m i . In the second case, the group's production falls short of demand if p mi = 1. Since p mi ≤ 1, p mi = 1 and some outsiders produce too.
We continue with stage 2. If an outsider group enters the i-th manufacturing industry, then it chooses p mi to maximize profits subject to its members producing with the π 2 technology and to the demand for their production, which equals total demand minus the insider group's product minus imports. Given any choice of p mi , it is optimal for the insider group to produce as much as possible, λ i π 1 . Thus, the outsider group solves
The outsider group enters if and only if the resulting profit exceeds the entry costs c.
We finish with stage 1. The insiders stay in their groups if and only if their wage in manufacturing exceeds what they could earn in agriculture: w o = 1 < p mi π i . They accept new members if the initial size λ 0 falls short of the minimum λ i that deters entry in stage
For us to be able to talk about a quota Q or a tariff τ on manufactured goods, the domestic economy needs to import them under free trade. We therefore assume that it has a comparative advantage in the agricultural good:
Assumption 1 The relative world market price of all m i is given by p * m ∈ (0, π −1
2 ).
We also assume that the revenues (p m −p * m )Q and τ M * from the trade barriers are thrown away. None of our results would change if, instead, they were lump-sum rebated.
We study symmetric subgame-perfect equilibria in which the insiders behave identically and the insider groups do too. We can then drop the index i except when distinguishing the insiders from outsiders. We start with a binding quota on the imports of manufactured goods, M * = Q, in which case p m is determined domestically.
Definition 1 A symmetric, subgame-perfect equilibrium under a binding quota are prices We continue with a tariff on manufactured goods. If the tariff is small, then the manufactured goods are imported and p m = (1 + τ )p * m is given to the domestic economy.
If the tariff is large it shuts down trade while p m < (1 + τ )p * m is determined domestically.
Definition 2 A symmetric, subgame-perfect equilibrium under a tariff are prices (p a , p m , We first characterize the equilibrium under a binding quota. The relative price of a typical manufactured good is then determined domestically, so the corresponding insider group can manipulate it by producing inefficiently and thereby restricting its output. Since the demand for manufactured goods is assumed inelastic here, this results in an increase in the relative price that more than compensates for the decrease in the marginal product of labor, so income increases. The group therefore stays together and produces m with the inefficient π 1 technology. The next proposition formalizes this intuitive argument.
Proposition 1 Let Assumption 1 hold and Q ∈ [0, 1/2) be a quota on manufactured goods. If
and c > 2
then there is a unique equilibrium in which the quota binds. In this equilibrium the domestic economy produces all final goods; λ ≥ λ 0 ; π ≤ π 1 .
We now turn to TFP, which is defined as the residual that would result if aggregate output at international prices was produced from aggregate labor. Since our economy is small and all goods are traded, the world-market prices are also the international prices.
Moreover, since aggregate labor equals one, T F P = A + p * m M . We can see that the maximum TFP of 1 obtains when the domestic economy produces only a. If it also produces m, then TFP is smaller than 1.
Proposition 2 Let Assumption 1 and Conditions (3) hold and Q ∈ [0, 1/2) be a quota on manufactured goods. In equilibrium T F P < 1 and T F P increases when Q increases.
We now characterize the equilibrium under a tariff. In the interesting case in which the tariff does not completely shut down international trade, the domestic economy imports the manufactured goods and p m = (1 + τ )p * m is given to it. So a typical insider group can no longer manipulate p m . It therefore dissolves, so that its members can work in agriculture or use the π 2 technology. As a result, manufactured goods are produced with the most productive technology, if they are produced at all.
Proposition 3 Let Assumption 1 hold and τ be a tariff on manufactured goods. (i) If
, then there is a unique equilibrium. In this equilibrium the insider groups dissolve; the domestic economy produces only the agricultural good.
(ii)
, then there is continuum of equilibria. In almost all equilibria the domestic economy produces all final goods and uses the π 2 technology to produce the manufactured goods; it exports agricultural goods and imports manufactured goods. (iii)
, then the equilibrium is as under a zero quota (closed economy).
The equilibrium with a positive tariff has the same qualitative properties as the equilibrium with a zero tariff, except for relatively large tariffs, which increase the relative price of manufactured goods by so much that the economy starts producing manufac- (
, ∞) and conditions (3) hold for Q = 0, then T F P < 1; a reduction in τ such that τ remains in case (iii) does not affect TFP.
As long as the tariff does not shut down international trade, TFP is smaller under the tariff than under free trade only in case (ii). This is the usual misallocation effect: a tariff distorts the efficient allocation of the factors of production, so the import-competing industries produce too much. This effect shows up for only one tariff value here because our production function is linear in labor.
In sum, we find that when there are monopoly rights in the import-competing industries binding quotas and tariffs affect TFP in different ways: (i) under a quota the import-competing industries use inefficient technologies and they may operate them inefficiently; under a tariff that does not shut down international trade the import-competing industries use efficient technologies and they operate them efficiently, if they produce at all; (ii) an increase in the quota has a quantitatively larger effect on TFP than an equivalent decrease in the tariff for a large range of tariff values.
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Baily (1993) and Baily and Gersbach (1995) provide supportive evidence for finding (i). They study the services and manufacturing industries of Germany, Japan, and the USA and find strong positive correlations between the level of TFP and the degree to which domestic firms are exposed to the competition with the international productivity leaders. The key factor determining exposure is quotas (which they call non-tariff barriers), whereas tariffs are not important. Muendler (2002) provides supportive evidence for finding (ii). He studies a sample of medium-sized to large Brazilian manufacturers before, during, and after Brazil's trade liberalization 1986-98. Using market penetration as a proxy for quotas, Muendler finds that an increase in quotas had a much larger effect on TFP than an equivalent decrease in tariffs. Kim (2000) also provides supportive evidence for prediction (ii). He studies the Korean manufacturing industries during 1963-83 and 1966-88, respectively. Using coverage ratios (the percentage of imported goods with quantity restrictions) as a rough measure of quotas, he finds that quotas had a statistically significant negative effect on TFP growth, whereas tariffs did not.
5
The Korean evidence is also consistent with having the monopoly power in the goods market. In independent work, Traca (2001) studies an endogenous growth model with a monopolist in the import-competing industry. He shows that more restrictive quotas 4 Note that these differences between quotas and tariffs are reminiscent of Bhagwati's (1965) result that the two are not equivalent when there monopoly power in the goods market. However, we need monopoly power in the labor market for our result. The reason is that a goods-market monopolist could increase the relative price directly, so there would be no incentive to produce inefficiently.
5 There are other studies that document that TFP or labor productivity increased after trade liberalizations, but do not distinguish between quotas and tariffs; see Cavalcanti Ferreira and Rossi (2003) and Pavcnik (2002) and the references therein.
reduces the growth rates of productivity and output along the balanced growth path, whereas tariffs have no effect. The main difference between his work and our's is that he focuses on the effect of trade barriers on R&D whereas we focus on their effect on technology adoption. Coe et al. (1997) report that "almost the entire R&D activity in the world economy is concentrated in the industrial countries". This suggests using his model for the industrial countries and our model for rest.
Conclusion
In this paper, we have shown that barriers to international trade can reduce TFP if insider groups in the import-competing industries have monopoly rights over the use of inefficient technologies. The existing view due to Holmes and Schmitz (1995) is that international trade makes monopoly rights ineffective and leads to efficient production.
We have shown that this is only the case if there are no barriers to international trade at all. Specifically, we find that under a binding quota, the import-competing sectors use inefficient technology and they produce larger than efficient quantities. As a result, TFP decreases. We also find that a tariff reduces TFP by less than a quota: if the import-competing industries produce at all, then they still produce larger than efficient quantities, but they now use the efficient technology.
cause if it did the insiders' wage would equal its maximum while the group could increase its size. Thus, λ ≥ (1 − 2Q)(1 + π 1 ) −1 and condition (3) ensures that λ ≥ λ 0 so the insider group never wants to expel members. Second, for a given group size the insiders earn p m π 1 if entry occurs in stage 2. For the same group size the insiders can earn a higher wage in stage 3 if entry does not occur in stage 2. This follows because producing with π 1 in stage 3 would already give then higher income than they earn in stage 2 because in stage 3 they are the only domestic producers. Consequently the group will choose λ such that entry does not occur at stage 2. Third, condition (3) ensures that inequality (6) holds strictly
such that nobody enters at stages 2 and 3. Fourth, we need to check that the utility of the representative insider is higher in the group than outside, given all other groups stay We continue with the second statement. To show that T F P increases as Q increases, we need to show that πλ decreases as Q increases. Consider an increase in Q from Q 1 to Q 2 and call λ 2 the value of λ for which λ(Q 1 )π 1 + Q 1 = λ 2 π 1 + Q 2 . Using (5) and that
we can see that if λ(Q 1 ) deters entry when the quota equals Q 1 , then λ 2 deters entry when the quota equals Q 2 . Since the sum of the maximum group product and the quota remains the same, it must be that in equilibrium λ(Q 2 ) ≤ λ 2 . So, it remains to be shown that λ(Q 2 )π(Q 2 ) < λ(Q 1 )π(Q 1 ). If the opposite was true, then we would have:
Since for Q 1 the entrant was indifferent between entering or not, for Q 2 it would strictly prefer to enter. This is a contradiction. QED.
Proof of Proposition 3. The marginal product in agriculture equals 1, so w o = 1. The highest marginal product in manufacturing in units of the agricultural good is p * m (1 + τ )π 2 .
In case (i), τ ∈ [0, (1 − p * m π 2 )/(p * m π 2 )). Since Assumption 1 implies that p * m π 2 < 1 the marginal product in agriculture is then strictly larger than that in manufacturing.
Thus, the groups dissolve and all individuals work in agriculture. The economy exports the agricultural good and imports its whole consumption of manufactured goods.
In case (ii), τ = (1 − p * m π 2 )/(p * m π 2 ) and the marginal product in agriculture equals that in manufacturing if the π 2 technology is used. If they stayed in their groups and used the π 1 technology, then the insiders would earn a lower marginal product than in agriculture. Thus, the insider groups dissolve. Total income and the total consumptions of agricultural and manufactured goods are as in the first case but productions change as individuals allocate labor to the manufacturing industries.
In case (iii), τ ∈ (1 − p * m π 2 )/(p * m π 2 ), ∞). If there was an equilibrium in which the manufactured goods are imported, then the groups would dissolve and the wage in manufacturing would equal (1 + τ )p * m π 2 . This would be larger than the outsider wage, so every individual would want to produce in manufacturing, contradicting that the manufactured goods are imported. Thus, the equilibrium is the same as under a zero quota. QED.
